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Renal cystic disease induced by diphenyithiazole. Intranephron hydro-
static pressures were monitored while microperfusing proximal neph-
rons in diphenylthiazole (DPT)-exposed kidneys, a model in which
increased compliance of tubular basement membrane is thought to
predispose to cyst formation. Structural studies subsequently were
done on these and additional kidneys. Results were compared to those
obtained from the study of kidneys from normal rats. Intranephron
hydrostatic pressures were shown to rise with microperfusion and did
so at lower rates of perfusion among DPT exposed nephrons. For
example, at four perfusion rates between 17 and 36 nI/mm (60 to 130%
of the SNGFR in DPT-fed rats), intranephron hydrostatic pressures
were 6 to 14 cm H20 higher (P < 0.05) in DPT-exposed kidneys.
Subsequent light and electron microscopic examination of DPT-ex-
posed kidneys showed micropolyps partially occluding inner medullary
and intrapapillary collecting ducts. DPT-induced renal cystic disease
resembles other forms of chemically induced renal cystic disease in its
functional and structural parameters save that micropolyp formation
appears to occur nearer the papillary tip. We conclude that conditions
in the DPT-exposed rat kidney resemble more closely those predicted
by the partial obstruction rather than by the increased compliance
hypothesis of renal cyst formation.
Maladie kystique renale induite par le diphenyithiazole. Les pressions
hydrostatiques intra-néphroniques ont été contrôlées pendant Ia micro-
perfusion de néphrons proximaux de reins exposés au diphénylthiazole
(DPT), un modéle dans lequel Ia compliance augmentée de Ia membrane
basale tubulaire pourrait prédisposer a Ia formation de kystes. Des
etudes de structure ont ensuite etC faites sur ces reins, et sur d'autres
reins. Les rCsultats ont etC compares avec ceux obtenus dans les reins
de rats normaux. Les pressions hydrostatiques intra-nCphroniques
augmentaient avec Ia micro-perfusion, mais dans les néphrons exposés
au DPT, elles le faisaient pour des vitesses de perfusions plus fabiles.
Par exemple, pour quatre vitesses de perfusions, entre 17 et 36 nI/mn
(60 a 130% de Ia SNGFR chez les rats nourris au DPT), les pressions
hydrostatiques intra-néphroniques Ctaient de 6 a 14 cm H20 plus
élevées (P < 0.05) dans les reins exposés au DPT. UltCrieurement
l'examen au microscope optique et Clectronique des reins exposés au
DPT a rCvélC des micropolypes, obstruant partiellement les canaux
collecteurs médulaires internes et intra-papillaires. La maladie des
kystes rénaux induite par Ic DPT ressemble aux autres formes de
maladies kystiques rCnales induites chimiquement dans ses caractéris-
tiques fonctionnelles et structurelles a Ia reserve près que Ia formation
de micropolypes semble se produire plus près de Ia pointe de Ia papille.
Nous concluons que les conditions existant dans le rein de rat exposé au
DPT ressemblent plus a celles attendues lors d'une obstruction partielle
qu'a celles attendues dans l'hypothèse d'une augmentation de Ia
compliance a l'origine de Ia formation des kystes rCnaux.
Two diverging but not mutually exclusive hypotheses cur-
rently are favored to explain the formation and growth of renal
cysts [1, 2]. One cites the partial obstruction of tubules. The
other implicates an abnormally increased compliance of tubular
basement membrane.
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While evidence supporting the partial obstruction hypothesis
is extensive [3—7], the evidence implicating increased mural
compliance is not. It comes from a single study in rats of the
renal cystic lesion induced by diphenylthiazole (DPT) [8].
Carone et a! [8] found normal hydrostatic pressures, normal
function in terms of salt and water reabsorption, and no
evidence of tubular obstruction in 95% of the nephrons they
examined in this model. They surmised that cysts form because
a normal transmural hydrostatic gradient of 5 mm Hg acts
across nephron walls that are abnormally compliant after expo-
sure to DPT.
Despite its derivation from essentially negative evidence, the
increased compliance hypothesis is attractive. Abnormal base-
ment membrane could be a heritable lesion and several forms of
renal cystic disease are genetically transmitted [1, 2]. Further-
more, the occurrence of extrarenal cysts [9], cerebral aneu-
rysms [9], and colonic diverticulae [10] in adult polycystic
kidney disease raises the possibility that the compliance of
basement membrane is increased elsewhere in this disorder
besides the kidneys.
In the in vivo study described here, intranephron hydrostatic
pressures were monitored during the addition by microperfu-
sion of fluid to single renal tubules in normal rats and rats fed
DPT. In contrast to results anticipated from the increased
compliance hypothesis, intranephron hydrostatic pressures in-
creased at lower, not higher, perfusion rates in DPT-exposed
kidneys. When tubules and kidneys from DPT-exposed rats
were examined microscopically, micropolyps and epithelial
hyperplasia were found along intramedullary and papillary
segments of collecting ducts. The results of this study are
predicted by the partial obstruction but not by the increased
compliance hypothesis.
Methods
Sprague-Dawley rats weighing 100 to 125 g were fed either
plain chow (control group) or chow containing 1% by weight of
2-amino-4, 5 DPT (experimental group) (Baxter Laboratories
and Wayne Lab Blocks, Teklad Division of Mogul Corporation,
Madison, Wisconsin) for 1 through 16 weeks.
Animals randomly selected for micropuncture experiments
after 3 to 10 weeks on DPT were handled as follows: After
Received for publication April 2, 1982
and in revised form December 9, 1982
© 1983 by the International Society of Nephrology
44 Gardner and Evan
o __j,-0 100 120 140 160 180 200 220 240 260
Pump setting
Fig. 1. Relationship between numerical settings on microperfusion
pump and perfusion (delivery) rates as determined in vitro using a
micropipette of 17 O.D. and perfusate labelled with a known
concentration of 3H-inulin. Points indicate the settings and rates that
were utilized in the described microperfusion experiments.
overnight deprivation of food with free access to water, each
animal was anesthetized with mactin (Promonta, Hamburg,
West Germany) SO to 100 mg/kg body weight intraperitoneally.
The left kidney was exposed through a midline abdominal
incision, its ureter catheterized, and the kidney mounted as
described previously [7]. Via intrajugular catheter 5% mannitol
in Ringers lactate was infused at a rate of 1 dllhr/100 g body
weight beginning 30 mm prior to and continuing throughout the
experimental period.
Initially a 2 to 4 I.D. glass pipette was inserted into the
proximal tubular segment of a surface nephron and the intralu-
menal hydrostatic pressure monitored for 10 mm using a
servonulling device and strip recorder [7]. At the end of this
interval of baseline observation, a second glass pipette (15 to 20
O.D.) was inserted two to three convolutions upstream into
the same nephron. Through this pipette, Ringers lactate with
1% lissamine green was microperfused (Fig. 1).
Two separate studies were performed. In one, six rats fed
DPT for 3 to 10 weeks were sacrificed at 7- to 14-day intervals.
Twelve tubules in their kidneys were microperfused at 27
nI/mm. In the second study, seven tubules of five rats on DPT
for 6 to 10 weeks were microperfused in nine stepwise incre-
ments from 0 to 48 nl/min.
Mean pressures for 10-mm perfusion periods measured geo-
metrically on the recorder printout using a planimeter (Lisco,
Los Angeles, California) were expressed in centimeters of
water. In the second series pressures were correlated with the
rates of microperfusion.
Data were discarded from experiments in which urinary flow
rates from the left kidney were less than 1 p1/mm for any of the
10-mm collection periods, and from experiments in which there
was visible leakage of perfusate around micropipettes.
Single nephron glomerular filtration rates (SNGFRs) were
measured as previously described from our laboratory [6, 7] in
13 renal tubules of eight additional DPI-fed and in 13 tubules of
three additional control rats.
For morphologic analyses, kidneys from animals used in the
above studies and from additional animals were utilized. To-
gether kidneys were available from three animals for each of
eight periods of DPT feeding: 1, 2, 3, 4, 5, 6, 7, and 10 weeks.
Kidneys were fixed and examined by light and electron micros-
copy (scanning and transmission) or subjected to microdissec-
tion as previously described [6].
Animals were vascularly perfused initially with 0.9% sodium
chloride followed by 100 ml of 25% glutaraldehyde in 0.15 M
cacodylate/hydrochloric-acid buffer (pH 7.3) at room tempera-
ture for 10 mm. Thereafter the kidneys were removed, cut in
half, and fixed for an additional 24 hr.
For transmission electron microscopy (TEM) a portion of the
cortex and medulla were minced into 1 mm2 blocks. The
specimens were washed in 0.075 M cacodylate/HCI buffer for I
hr, postosmicated in 1% 0s04, dehydrated through a series of
graded ethanols, passed through two changes of propylene
oxide, and flat embedded in Epon 812. Thin sections (60 to 90
nm) were stained with uranyl acetate and lead citrate and
examined with a Philips 400 microscope.
For scanning electron microscopy (sEM) 1-cm pieces of each
kidney were processed as described for tissues for TEM up
through 100% ethanol. Thereafter, the samples were transferred
in fresh 100% ethanol to a Samdri critical-point dryer, dried
with liquid carbon dioxide, and coated with gold-palladium in a
Hummer V sputter coater. The specimens were examined and
photographed with an AMR l000A scanning electron micro-
scope at an accelerating voltage of 20KV.
For microdissection, 1-cm pieces of tissue, including cortex
and medulla, were rinsed three times in 0.1 M phosphate buffer
to remove the fixative and then placed in 8 N hydrochloric acid
for 55 mm at 60°C. The specimens were rinsed several times in
distilled water, and single nephrons were microdissected free
with sharpened needles.
For autoradiographic studies, DPT-treated as well as control
animals were given radioactive thymidine intraperitoneally
(specific activity, 15.2 Ci/mM), at a dose of 0.2 Ci/g of body
weight 45 mm before the animals were whole-body perfused.
After fixation the kidneys were embedded in paraffin and cut at
4 s. The sections were deparaffinized, dipped in NTB2 nuclear
tract emulsion, and stained with hematoxylin and eosin. Both
labeling and mitotic indices were determined for each region of
the kidney. The labeling index was determined for 1000 cells per
time interval using the formula: LI = (number of cell nuclei
showing thymidine uptake)/(total number of cell nuclei counted)
x 100. The mitotic index was expressed as mitoses per 1000
cells.
Statistical analyses were based on Student's t test [11].
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Fig. 2. Light micrograph of a kidney from an animal that was exposed to DPTfor 4 months. Dilated tubules (arrows) are seen in all regions of the
cortex and medulla. (x 15)
Table 1. Urinary flow rates and intranephron pressures before and during microperfusion at 27 nI/mm in single 140 to 160 g rats fed DPT for 3
to 10 weeks
Time Final Urinary
Mean pressure
Percent
changeBefore During
on DPTa weight flow perfusionb perfusion in pressure
weeks g p1/mm cm water cm water with perfusion
3 (2) 126 8.0 11.2 (11.0 to 11.4) 12.3 +9.8
5(l) 120 12.2 11.6(11.6) 12.9 +11.2
6(3) 171 15.1 12.8 (3.7 to 24.4) 20.9 +63.2
7 (3) 187 14.8 15.6 (8.8 to 23.2) 17.2 + 10.3
8 (2) 239 18.1 13.4 (7.6 to 19.2) 27.6 + 106.0
10 (1) 200 14.2 8.5 (8.5) 10.6 +24.7
Means SE 13.7 12.2 16.9 +37.5
The number in parentheses represents the number of tubules perfused.
b The number in parentheses represents the range of pressures.
Results
The light microscopic appearance of a late-stage DPT-ex-
posed kidney is shown in Figure 2. Between normal and DPT-
exposed kidneys in both studies, mean basal hydrostatic pres-
sures did not differ significantly from each other. Both mean
values fell within the normal range of proximal tubule hydro-
static pressure in rats (Tables 1 and 2) [6, 7, 12].
Urinary flow rates and the changes that occurred in intra-
nephron pressure during microperfusion at 27 nl/min are shown
in Table 1. Mean pressures increased during perfusion in each
of the six animals. The magnitude of change approached but did
not achieve statistical significance. The degree of change in
pressure did not correlate with the duration of exposure to DPT
(Table 1).
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Range of urinary Intranephron
Final Mean flows—lO-min pressure before
Rat weight
g
urinary flow
.dImin
collections
p.1/mm
microperfusion
cm water
DPT 1 126 9.5 8.1 to 11.9 10.5
DPT 2 107 1.5 1.3 to 2.6 16.5
DPT3 100 13.1 7.3to21.7 13.5
DPT4 100 1.4 1.4to 1.4 8.6
DPT 5 239 20.8 14.6 to 37.4 13.1
Mean 134 30 9.3 41a 6.5 to 15.0 12.4 l.5a
SEM
CON 1 220 9.1 8.9 to 9.1 17.6
CON2 196 4.6 4.5 to 4.6 11.8
CON 3 200 11.6 11.6 to 11.6 26.9
CON 4 212 9.9 7.9 to 11.8 19.4
CON 5 261 11.1 7.0 to 14.8 11.4
CON 6 278 9.4 8.7 to 10.2 3.8
CON 7 188 12.1 6.6 to 16.6 12.6
CON 8 223 8.5 7.4 to 9.6 17.4
CON 9 227 21.0 20.8 to 21.1 16.2
Mean 223 11 10.8 1.6 9.3 to 21.1 15.2 2.3
SEM
Intranephron pressures were monitored successfully and
recorded during stepwise increments in microperfusion rates in
12 cortical nephrons of nine normal and in seven cortical
nephrons of 5 DPT-exposed rat kidneys (Table 2).
At perfusion rates of 17, 28, and 37 nI/mm, pressures were
significantly higher in proximal tubules of the DPT-exposed
kidneys (Fig. 3). Below and above these rates of perfusion,
pressures did not differ significantly between the control and
experimental groups. In DPT-exposed nephrons, a statistically
significant (P < 0.01) increase above the baseline in intraneph-
ron pressure occurred at a perfusion rate of 17 nI/mm. Not until
a perfusion rate of 40 nI/mm was achieved did pressures rise
significantly above the baseline (P < 0.02) in normal tubules.
In both groups of nephrons, the lowest pressures were
recorded at the lowest perfusion rates and the highest pressures
at the highest perfusion rates (Fig. 3). Across the span of
perfusion rates, a significant linear correlation existed between
pressures and perfusion rates among the DPT-exposed tubules
(y = —29.05 2.56x; r = 0.92; P < 0.001) but not among the
control tubules (y = —29.40 3.37x; r = 0.53; P> 0.20).
The SNGFRs that were measured in nephrons of additional
rats did not differ significantly between the control and experi-
mental groups, averaging 32.7 5.1 nI/mm (mean SE) among
13 tubules of three control rats (range: 19.1 to 42.7 nI/mm) and
25.8 3.4 nI/mm among 13 tubules of eight DPT-fed animals
(range: 6.6 to 46.4 nl/min). Growth initially was retarded in the
DPT-fed animals (Tables 1 and 2).
In terms of morphology, the initial change in the nephrons of
the DPT-treated animals was hyperplasia. It occurred along the
inner medullary collecting tubules and was detected both by an
increase in the thymidine labeling index (Fig. 4) and by the
appearance of numerous cells in mitosis (Fig. 4 and 5), These
changes manifested 1 week after DPT feeding began and
persisted for 3 weeks. In time there was a progressive increase
in the number of nuclei forming the perimeters of collecting
ducts (Table 3).
At 1 week of DPT exposure, aside from the hyperplastic
response, no morphologic changes were noted elsewhere along
the nephron or in the interstitium.
At 2 weeks, dilated tubules were seen radiating from the inner
medulla to the cortex. Dilation was localized to collecting
tubules (Fig. 6). Light microscopy revealed cells in mitosis,
explaining an increase in size. These cells were seen to protrude
into tubular lumens (Figs. 6 and 7).
Between 2 and 10 weeks, the time span from which rats were
selected for functional studies, there was rapid progression of
cyst formation. The diameters of dilated collecting tubules
increased. An increasing percentage of collecting tubules ap-
peared to be involved. By 4 weeks cells of inner medullary
collecting tubule showed extensive areas of hyperplasia (Figs.
8, 12, and 14) and associated micropolyps (Figs. 8 to 10 and 13).
Polyps were located both at branching points and along straight
portions of tubules (Figs. 8 to 10 and 13). The number of cells
Table 2. Rat sizes, urinary flow rates, and intranephron pressures
before microperfusion + 4
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Fig. 4. Pattern of DPT-induced collecting tubular cell hyperplasia
against time expressed as the labeling or mitotic index.
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Fig. 3. Effects of stepwise increments in perfusion rate on infranephron
pressures in normal (control) and DPT-fed rats. Shaded area empha-
sizes statistically different mean values between the two groups of
tubules.
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Fig. 5. Light micrograph of the inner medulla from an animal treated with DPT for 2 weeks. Mitotic cells (arrows) are noted. (x 22)
Table 3. Number of nuclei present on cross section of collecting
tubules during DPT exposurea
Length of treatment Number of nucleib
weeks
1 9.1±0.5
2 12.3 0.8c
3 15.9 l.5.d
4 16.8 2.0'
5 20.5 l.9d
6 27.0 7.8
7 30.7 5.9
Sections used were taken approximately 300 ji from papillary tip.b The value represents mean SCM of counts on 25 tubules.
The value is significantly different from the preceding value, P <
0.05.
d The value is significantly different from all but the immediately
preceding value, P < 0.05.
forming individual polyps varied from six to 50. Larger polyps
usually were positioned at branching points (Figs. 8 and 11) and
often possessed a central vascularized core.
Cells of the micropolyps and the hyperplastic regions were
similar in their electron microscopic appearances to cells that
line the medullary collecting tubule in normal rats.
By 6 to 7 weeks cells that lined the proximal end of dilated
tubules appeared flattened (Figs. 15 and 16). The tubules
themselves contained accumulated cast material and debris.
Their surrounding interstitium contained numerous small lym-
phocytes and polymorphonuclear leukocytes. Obvious tubular
necrosis, basement membrane thickening, and fibrosis were
scattered throughout the kidney (Figs. 15 and 16).
Microdissection of nephrons was performed on animals ex-
posed to the toxin for 3, 5, or 7 weeks. At each point in time
only the collecting tubules showed evidence of dilation (Fig.
10). Enlargement was gradual, beginning along the inner medul-
lary collecting tubule and extending upstream toward the gb-
merulus (Fig. 10). Dissected tubules were transparent. Areas of
hyperplasia and polyp formation were easily seen through their
walls (Fig. 10). Invariably the point at which dilation started
was marked by an area of hyperplasia and micropolyps.
To define the spatial relationship of polyp location to cyst
outlet, serial cross sections of the collecting duct system were
made, starting at the duct of Bellini and progressing upstream
toward the junction of outer medulla with inner cortex. The
results of a representative sequence of sections are illustrated in
Figures 11 to 14.
A fortuitous longitudinal section from another nephron (Fig.
11) reveals the same relationship between polyp and cyst outlet
as that seen in the serial cross sections.
Discussion
DPT is one of several chemicals known to induce renal cystic
disease in rats [5—8]. Typically these agents, including DPT, are
administered in the animals' diet. Variations in the degree of
dietary acceptance are held accountable for growth retardation
when it occurs [13]. Growth retardation per se is not believed to
contribute to cyst development. Rather the drugs are thought to
exert their early effects directly on renal tubules [2, 5, 13, 14].
DPT was reported by Carone et al [8] to induce cystic
changes, first apparent in medullary collecting ducts and later in
more proximal segments of the nephron, in kidneys whose
tubules generally maintained normal intralumenal pressures,
had intact patterns of solute and water reabsorption and pos-
sessed normal rates of gbomerular filtration. To explain how
cysts might form under such conditions these investigators
postulated a primary drug-induced structural defect in tubular
basement membrane, such that its elasticity and strength were
cm
.1
4.
449
I
4,
'/4
*
48 Gardner and Evan
Fig. 6. Fracture of the inner medulla of an animal treated with DPTfor
2 weeks. Numerous collecting tubules show enlarged cells (arrows) that
project into the tubular lumen. (x25)
diminished. The increased compliance that resulted then would
favor tubular distention and cyst formation as a consequence of
the normal transmural pressures that exist in vivo.
In some 5% of DPT-exposed tubules, however, Carone et al
[8] recorded initial pressures that were increased but fell toward
normal when fluid was released into second micropipettes,
SNGFRs that were unaltered and tubular fluid osmolalities that
were unchanged. These findings, they wrote,". . suggest that
these tubules were totally or partially obstructed at some point
beyond the proximal convolution." Carone et al [8] deempha-
sized their evidence of obstruction when they proposed that
increased compliance of tubular basement membrane was the
prime defect facilitating cyst formation in the model.
Some of our observations repeated those made by Carone et
al [8] and our results confirmed their earlier findings: Initial
intranephron pressures and SNGFRs essentially are normal in
the DPT model. We also found that hydrostatic pressures are
less tolerant of intratubular volume increases in vivo. Observa-
tions were made at a time when cyst development was rapid
(Figs. 8 to 16) and presumably when the conditions that favor
cyst development were optimal. We found finally that collecting
tubular and ductular epithelia are hyperplastic in DPT-exposed
kidneys. We interpret our findings as follows:
Lower rates of microperfusion were required to raise intralu-
menal pressures in DPT-exposed nephrons. We considered six
possible explanations: (1) Decreased initial volume: unlikely
because DPT-exposed nephrons are dilated (Figs. 2, 12, 13) [81.
(2) Enhanced filtration: unlikely because SNGFRs are normal
in the DPT-exposed kidney (above and [81). (3) Diminished
reabsorption: unlikely because TF/P inulin ratios in the early
proximal and the distal tubules are normal or increased in DPT-
exposed kidneys [81. (4) Decreased mural compliance: possible
but contradictory to the fact that DPT-induced cystic disease
was progressing at the time of our study and to the suggestion
that mural compliance is increased in this model [8]. (5) Cystic
kidneys were maximally distended, such that intranephron
Fig. 7. The enlarged cells (arrows) lining the inner medullary collecting
tubules seen when the tubule is fractured along its longitudinal axis.
(xlOO)
pressures reflected renal capsular tension: unlikely since pres-
sures varied by more than twofold among DPT-exposed kid-
neys and three- to sixfold among tubules in the same rat (Tables
1 and 2). These observations suggest that structures between
tubules, not the capsule around all tubules, determined intra-
nephron pressure-volume relationships. (6) Increased resist-
ance to outflow: the preferred explanation by exclusion. We
have made a similar argument to explain our findings in the
nordihydroguaiaretic acid (NDGA) model of renal cystic dis-
ease [61.
Increased resistance to outflow could result from the striking
hyperplasia and polyp formation we noted in the inner medul-
lary and papillary regions of the DPT kidney. Involvement of
the former but not the latter region was noted by Carone et al [8]
and Goodman et at [13] perhaps because these investigators
primarily examined samples cut from each region rather than
continuous sections of kidney as did we. We also noted
intralumenal casts and debris that might contribute to obstruc-
tion [15], especially were they to lodge at sites of epithelial
hyperplasia (Figs. 15 and 16). By microscopy, however, we
adjudged cast and debris appearance in tubules to follow rather
than to herald nephron dilation in this model. It seems more
likely that they play a contributory rather than a causative, if
any, role in cyst formation.
Evidence of partial versus complete obstruction was not
sought in this study. In other drug-induced models, radioactive
inulin traverses cystic tubules to appear in urine [6, 7]. In the
absence of backdiffusion the finding is presumptive evidence of
lumenal patency. In this study we noted the appearance of dyed
perfusate in ipsilateral urine during five of the seven perfusion
experiments, implying lumenal patency of some degree.
The hyperplastic response, as detected by thymidine studies,
precedes cyst formation (compare with above), Its location—
along collecting tubules and ducts—is the appropriate site for an
impact on outflow resistance. Gottschalk and Mylle [12] cited
the collecting system as a "limiting factor in the outflow of
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Figs. 8 and 9. Scanning electron micrographs of the various sizes and locations of the micropolyps. Figure 8 (left) reveals a large poiyp (arrow) posi-
tioned at a branching point. An area of hyperplasia (double arrow) is also seen in Figure 8. Figure 9 shows a small poiyp (arrow) found along the
straight portions of the tubule. (x450)
Fig. 11. Light micrograph of an enlargement of the papilla illustrated in
Figure 2. At the branching point of a duct of Bellini (B) a large polyp
(arrow) is noted. The inner medullary collecting tubules (CT) proximal
to the polyp are greatly dilated. (X 20)
Fig. 10. A microdissected duct of Bellini (B) and its subsequent
branches from an animal that was exposed to DPTfor5 weeks. Many of
the inner medullary collecting tubules are dilated (arrows). Areas of
hyperplasia and polyp formation (arrowhead) arenoted at each branch-
ing site. (x30)
urine from the kidney and an important determinant of the
intratubular pressure particularly at high rates of urine flow."
In its ability to induce cysts and epithelial hyperplasia and
polyp formation along collecting tubules and ducts, DPT is
similar to NDGA [6, 13] and diphenylamine (DPA) [5, 7]. The
location at which hyperplasia occurs, however, may be slightly
different in the DPT than in the other models. It appears to
occur maximally along the innermost medullary and papillary
collecting ducts, that is closer to the papillary tip than in
NDGA- and DPA-exposed kidneys. We stress this difference
because cyst formation and tubular dilation is more widespread
in the DPT than in the other models. Given the pattern of
dichotomous branching that characterizes the mammalian
nephron [16], a single polyp would interfere with flow from
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Figs. 12 to 14. Serial cross sections of a collecting tubule from an
animal treated with DPTfor 3 weeks. Figure 14 shows a duct of Bellini
with numerous hyperplastic cells (arrow). The tubular lumen is reduced
over 50 times. Figures 12 and 13 show the first branches of that duct
with Figure 12 (far left) being the furthest section from the actual
branching point. Both branches have hyperplastic cells (H) forming
their walls and show an increased tubular diameter. A micropolyp
(arrow) is seen extending from the branching point and into one of the
tubules. Both tubules appear to dilate from the site of obstruction
(polyp) and gradually enlarge as they are traced into the outer medulla.
(All three figures at x 80)
more nephrons the closer it lies to the papillary tip. Differences
in the site of maximal hyperplasia, therefore, may explain why
cyst formation is more widespread in the DPT-exposed kidney
and more local in the DPA and NDGA models.
The increased compliance hypothesis was derived from study
of the DPT-exposed kidney [8]. It states that cysts form because
of a basement membrane that is more compliant than normal. It
neither predicts nor explains the presence of epithelial hyper-
plasia nor the functional evidence of obstruction that character-
izes several of the hereditary and acquired renal cystic diseases
of animals and humans [2], including the DPT model described
here. A rise in hydrostatic pressures at lower microperfusion
rates should not occur if mural compliance increased in the
DPT-exposed nephrons. Instead one might anticipate that pres-
sures would be higher in normal nephrons at any given rate of
perfusion.
The partial obstruction hypothesis to explain renal cyst
formation was derived from studies of the human adult polycys-
tic kidney [3] and the DPA [5, 7] and NDGA [6] fed rat models:
Obstructive, because in all there exists hyperplasia of collecting
tubular and ductular epithelia and elevated intralumenal pres-
sures, or in the case of the NDGA-exposed kidney a reduced
tolerance of intralumenal hydrostatic pressures to volume ex-
pansion, similar to that found here [3, 5—71; partial, because
complete obstruction leads to cessation of filtration [15] and
because radiolabeled inulin traverses the nephron in models of
cystic disease [6, 7]. As developed [2], the hypothesis states
that outflow resistance from involved nephrons increases as a
consequence of epithelial hyperplasia. Because filtrative and
reabsorptive processes in these nephrons are intact, intralu-
menal pressures rise. As a consequence of increased pressure in
their lumens, the nephrons dilate to the point of cyst formation.
The hypothesis predicts that in the kidney with evolving cysts
elevated intranephron pressures and evidence of partial tubular
obstruction will be found. These predictions are fulfilled in the
DVF-exposed kidney: Pressures are elevated in some nephrons
[8]. They rise in others at lower than normal rates of microper-
fusion (Fig. 3). Dyed perfusate sometimes appears in urine
50 Gardner and Evan
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Fig. 15. Light micrograph of the cortex of an animal treated with DPTfor 7 weeks. The interstitium (arrows) show numerous lymphocytes,
polymorphonuclear leukocytes, and atrophic tubules. Some proximal tubules (PT) possess a flattened epithelium while others contain cast (C)
material. (x 10)
(above). Epithelium hypertrophies along collecting tubules and
ducts (Figs. 4, 8—13).
The partial obstruction hypothesis predicts that intranephron
pressures will be elevated in cystic nephrons as long as the
conditions that led to dilation are sustained. However, it does
not require that pressures remain elevated indefinitely. As
occurs in obstructive models of acute renal failure [15], were
filtration to fall, were reabsorption to increase, or were partial
obstruction to disappear, intranephron pressures could return
to normal [151. One or more of these events may possibly
transpire in cystic kidneys. Whole kidney GFR's are depressed
in late stage human cystic disease [1] and, albeit sometimes
insignificantly so, in the DPT (by 11% [8]), in the NDGA (by
46% [6]), and in the DPA (by 20% [7]) models. Some TF/P inulin
ratios tend to the high side of normal, suggesting increased
reabsorption of water, in both DPT- [81 and NDGA-exposed
kidneys [61. Sites from which polyps might have sloughed have
not been recognized, but the possibility of their so doing exists.
There is a second condition that need not be fulfilled to
accept the partial obstruction hypothesis of renal cyst forma-
tion. It is not necessary that a normal mural compliance be
shown. The compliance of tubular walls can change once
dilation begins. Damage to the elastic qualities of the tubular
wall can be incurred during the process of stretching such that,
Fig. 16. Transmission electron micro graph of an outer medulla collect-
ing tubule from an animal treated with DPTfor 7 weeks. Several cells
show evidence of degeneration noted by numerous large vacuoles (V),
swollen mitochondria (M), and electron dense nucleus (N). The lumen
contains cast material and the basement membrane (BM) shows thick-
ening. (x5000)
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like an oft-inflated balloon, its ability to recoil is impaired once
distending forces subside. Under such a circumstance cysts
remain as sacs whose intralumenal pressures are no greater
than those in adjacent normal tubules.
In summary, given the results of our study and the evidence
available [8], we conclude that the partial obstruction, not the
altered compliance hypothesis, better predicts conditions sur-
rounding the formation and expansion of cysts in the DPT-
exposed kidney.
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